Abstract: Aiming to compare the cooling effect, two types of solar-powered semiconductor air-conditioning devices were designed in different structures. According to the cooling load in an experimental room, the solar panels and battery capacity were determined for the development of a test system. In the same working condition, a comparison test was carried out to examine the cooling performance. Experimental results showed that the design of dual water-cooled cooling unit presented a higher ratio of energy efficiency, with its maximum value of 1.08. By observing the experimental data of the prototype, its comparative economic evaluation results indicated that the annualized cost of solar semiconductor airconditioning was app. 2.7 times that of air-conditioning made from an ordinary compressor.
INTRODUCTION
Utilization of solar energy includes two aspects: Thermal use and power generation. General solar thermal projects, such as heat collecting, supply of heating water, etc., are not fully consistent with the available solar energy on demand In cold weather, the heat provided by the sun is often inadequate. While in the hot summer weather, a large proportion of power energy may be consumed in the cooling operation.
Solar cooling is highlighted in some advantages: 1) Well match to the seasons, that is, the hotter the weather, the stronger the solar radiation, the greater the cooling capacity of the system; 2) solar cooling system can be effective in combining the summer cooling and winter heating, plus the hot water supply in other seasons, significantly improving the utilization and economical benefits; 3) helpful to reduce the power load of the peak summer season, leading to a reduced pressure on the grid.
A solar semiconductor cooling system is based on the thermoelectric cooling effect of semiconductors, where solar cells are responsible for the DC supply required for semiconductor cooling chips, ensuring the effective cooling and heating operation [1] [2] [3] . As shown in Fig. (1) , a solar semiconductor cooling system consists of 4 components: solar photoelectric converter, NC matcher, energy storage device and semiconductor cooling device. Photovoltaic inverter governs the DC output, part of which supplies the semiconductor cooling device, and the other part comes into the storage device for backup on cloudy days or at night. This makes it possible that the system runs around the clock.
CALCULATION OF COOLING LOAD
The roof is type III, as shown in Fig. (2) . 
DESIGN OF COOLING UNITS
As the amount of heat dissipating from the semiconductor cooling device is equal to the sum of its cooling capacity and input power, solving the problem in heat dissipating therefore plays a crucial role in acquiring an enhanced cooling efficiency. Meanwhile, the structure of fins on the cold end for cold transfer is also viewed as a key factor on the cooling effect [8] .
Regarding the cooling aspect, the hot end involved the use of the water cycle -air cooling structure: two outdoor units of 1.5P air conditioner with no compressors as the heat radiator at the hot end. The dissipating power was more than 4500W, capable of meeting the cooling requirements of the Project. At the hot end, the thermal grease was coated on the aluminum water-cooled tank, which was connected to the outdoor units through a copper pipe, with a 50W pump for water cycle to dissipate heat. As shown in Fig. (3) .
At the cold end, two options were provided for cold transfer as a contrast:
In the Option I, the cold end of cooling fins was connected with the heat exchanger, taking away the cooling quantity of fins via fan to achieve indoor cooling. The cooler was linked to both the cold and heat exchangers via bolts, with thermal insulation gasket to reduce alternating heat and cold. Fig. (3a) shows the structure. This option features a simple structure and low cost, plus the use of only a pump, allowing a low power consumption of its indoor units.
Option II utilized the hot end and the same water circulation -an air-cooled heat exchanger structure, with the indoor unit of a 1.5P air conditioner as the air cooler. At the cold end, the thermal grease was coated on aluminum watercooled tank, which was connected to the outdoor units through a copper pipe, with a 50W pump for water cycle to dissipate cold air. To reduce heat transfer between the troughs at the hot and cold ends, this option had the fins densely arranged, with a water-cooled trough in length only one half of that provided in Option 1. The structure is shown in Fig. (3b) . This option took full advantage of the indoor Fig. (1) . Solar Semiconductor Cooling System. and outdoor air-cooled radiators that were fine processed for commercial purposes, which, to some extent, were capable to avoid the impact of the processing precision on the cooling effect.
Semiconductor cooling chip followed the specification of TEC1-12708, 40mm 40mm 3.3mm, allowing the maximum allowable voltage 15.4V, and maximum current 8.5A. Placed in a refrigerator, there were a total of 48 pieces of semiconductor cooling chips, which were grouped in the operation, and switched between 12, 24, 36 and 48 depending on a given temperature.
COMPUTING CAPACITY OF PHOTOVOLTAIC CELLS AND BATTERIES
In Chongqing, the average peak sunshine in summer are considered as eight hours a day. DC48V was given to the DC voltage system in this work.
On the premise of ensuring the reliability of the load required, the combination of the minimum solar modules and battery capacity should be determined in order to optimize the design to achieve the best combination of reliability and economy. Loss of Load Probability, or LOLP, is commonly used at home and abroad to measure the reliability. It is defined as a ratio of the system outage time and the power time. LOLP is valued between 0 -1. The smaller the value, the higher the reliability. There should be some limits to reliability requirements. Alternatively, the reasonable load reliability should come with the best economical benefits. In the design of a solar semiconductor air-conditioning system, the reliability expressed by a LOLP value of 0.5 may ensure the supply of 4 hours a day.
The specific design steps of the solar cell array are as follows:
(1) power consumption of air-conditioner According to design requirements, each semiconductor air conditioner provided cooling capacity Qc = 2000W, where the cooling coefficient was assumed to be 1, so the power consumption of each air conditioner: P=Qc/1=2000/1=2000 (W)
Operating current: I=2000/48 41.67(A) (2) calculating the battery capacity In cooling systems, the size of the load and working time are combined to determine the battery capacity. If the battery has a coefficient of 0.8 on the depth of discharge, the battery with self-discharge energy of 10% may have the selfdischarge coefficient of 0.9. In engineering practice, the methodology of energy transfer is often used for computing the battery capacity.
Here
C-----Battery Capacity

P------Load Power
T------Working Hours
D------Depth of Discharge
S-------Self-discharge Coefficient
V--------Operating Voltage
According to the above formula, working time was selected as 4 hours, and the calculated battery capacity was app. 230 Ah.
As a result, Fengfan Maintenance Series were applied by selecting eight 6-QW-120b-120AH/12V lead-acid batteries, two parallel branches, each connected with four batteries in series.
(3) Number of solar panels
In Chongqing, the peak sunshine time in summer is app. 7.5 hours, each of solar panels for 125W/12V. Similarly, energy transfer is applied to calculate the capacity of photovoltaic cells. 
Here:
C-------Battery Capacity
V-------Operating Voltage
T / -------Peak Sunshine Hours
As obtained from the above, the required capacity of the solar cell was 1472 W, tantamount to the required 12 photovoltaic cells. Each solar panel was given an output voltage of 12V, if all 12 panels in parallel, the controller might face too large a current. Due to this, the system initially had four solar panels in series, getting an output voltage of 48V, and then three groups in parallel.
By jointly considering the output voltage and current of the solar panel as well as the operating voltage of the semiconductor cooling components, one 65A/48V controller was selected accordingly.
TEST RESULTS
Some points were set in key parts of the air-conditioning systems for measuring indoor temperature, outdoor temperature, inlet and outlet air temperature of the air conditioner, inlet and outlet temperatures of cooling water, as well as the temperature of air-cooled cold transfer and the temperature of water-cooled heat radiator.
For the performance of the air conditioner, the cooling power was measured by cooling efficiency, or COP. The product of cooling power and COP, as a benchmark, was adopted for measuring the optimal conditions to balance the effect of these two parameters. Where the cooling power Q c , heating power Q h and input power P 1 are subject to a relation as Q h = Q c + P 1 . Therefore, the cooling power can be obtained as
Where: C pw is the specific heat capacity of cooling water; q vw is volume flow for cooling water; w is density of cooling water; T w is the temperature difference between inlet and a. Structure of Indoor Air-cooled System b. Structure of Indoor Water-cooled System 
The cooling water, the water temperature between inlet and outlet, work voltage and current and other parameters may directly affect the COP value of the system, so the above parameters in the experiment, and the temperature obtained by the test system were used to calculate the cooling power and COP [4] [5] [6] [7] 10 ].
The system was tested by Chongqing Municipal Academy of Metrology and Quality Inspection. In optimal conditions, the outdoor temperature was 35 degrees Celsius. The Table 2 shows the detection and calculation results:
Based on the experimental results, the use of a dual water cooling design significantly improved the COP value of the system. The main reason lies in the different design of the cooling structure at the cold end: the cold end of Option II counted on water circulation -air cooling mode to dissipate the cold, allowing the cold quantity produced at cold end to be quickly taken away by recycled water. Meanwhile, the use of the commercialized indoor air cooler is possible to avoid the influence of processing on the cooling effect. In a number of tests with Option I, fins at cold end were found with the presence of water condensation. This was mainly due to restrictions to the level of fin processing, resulting in the cold quantity at cold end failed to be discharged. Ultimately, this caused an effect on the cooling efficiency.
ECONOMIC ANALYSIS
For a semiconductor-based solar air-conditioning, its economical benefits can determine the scope of its application. By observing the test data in this experiment, a preliminary analysis was given to the economical benefits of the solar semiconductor air-conditioning system with a dual water-cooled structure designed in Option II. The annualized cost was obtained with the results shown in Table 3 . Table 4 shows the 23GW compression air-conditioning compared with this air-conditioning, where both operating costs were calculated at the same cooling power. The results showed that the solar semiconductor conditioning had annual running costs of app. 2.7 times that of the air-conditioning with a compressor. 
